Background: Studies conducted in Western countries have shown that bone loss associated with pregnancy and breast-feeding is recovered after weaning. However, it is not clear whether recovery takes place after repeated pregnancies followed by prolonged periods of breast-feeding; especially in developing countries where nutritional intake is comparatively low.
Background
Both pregnancy and breast-feeding are associated with changes in maternal calcium homeostasis, resulting in decreased bone mineral density (BMD) [1] [2] [3] . During pregnancy, approximately 25-30 g calcium, corresponding to 2-3% of the total body calcium content of the mother is transferred to the fetus. The greatest transfer takes place during the second and third trimesters when fetal bone development peaks [1] . If a pregnancy is followed by a period of breast-feeding, mother loses a further 300-400 mg calcium daily in the breast milk [2, 3] . Although endocrine changes induce compensatory mechanisms, such as increased intestinal calcium absorption [4] , and renal conservation of calcium [5] to counteract the calcium loss, studies have shown that postpartum women have 2-9% lower BMD than matched controls [6, 7] . A six-month breast-feeding period is associated with a further 1-6% loss in maternal BMD [8] [9] [10] [11] [12] and pregnancy-related osteoporosis has been reported [13] .
Longitudinal studies have shown that bone loss associated with pregnancy and breast-feeding is usually recovered after weaning [11, 14, 15] , however it is not clear whether this bone loss is completely recovered in women who have borne many children or in women with a longer total duration of breast-feeding. Current evidence has arisen from studies conducted in developed counties, where frequent pregnancies and prolonged breast-feeding are relatively uncommon, and where the nutritional intake is usually adequate. Fewer studies have been carried out in developing countries where nutritional intake, including calcium and vitamin D, is poor and where multiple pregnancies are common. This raises the possibility that multiple pregnancies and prolonged breast-feeding, could be a risk factor for low BMD, in developing countries. This study was therefore designed to evaluate the effects of repeated pregnancy and prolonged breast-feeding on BMD in a cohort of postmenopausal women from a rural community setting in Sri Lanka.
Methods

Study sample
This study was performed as a part of a population-based osteoporosis study in the Community Study Area of the Faculty of Medicine, University of Ruhuna, Galle, Sri Lanka. Four hundred and fifty women aged 30 years or more, selected randomly using the latest electoral register, (2002) were considered to be eligible for the study. All the women were invited to the Centre for Metabolic Bone Diseases, Galle and three hundred and forty three women attended (response rate = 76%). One hundred and seven women did not attend even after several reminders due to unwillingness to participate, leaving the area, bad health or family commitments. Women with history of diseases such as inflammatory arthritis, inflammatory bowel disease, chronic asthma, hyperthyroidism, Cushing's syndrome, type I diabetes and hyperparathyroidism were excluded from the study. Women who had taken medications such as bisphosphanates, hormone replacement therapy, oral corticosteroids, thyroxin, vitamin D preparations, pharmacological doses of calcium, and thiazide diuretics were also excluded. After these exclusions, 328 women remained, and of them, all postmenopausal women (n = 210) were eligible for inclusion in this study. These women were interviewed using a detailed investigator-administered questionnaire, to gather demographic data, medical history, and reproductive history, including number of pregnancies, number of live births, duration of breast-feeding for each child and age of menopause.
Bone mineral density (BMD)
BMD was measured at the spine from the second to fourth lumbar vertebrae (L 2 -L 4 ), antero-posterior projection, and in the non-dominant proximal femur (femoral neck) using dual-energy X-ray absorbtiometry (DXA) (Norland Eclipse XR, Norland Corp., Ford Atkinson, WI, USA). The coefficient of variation (CV%) of the DXA equipment as assessed by duplicate measurements of 30 women after repositioning between two scans, was 1.0% for L 2 -L 4 and 1.5% for the femoral neck.
Anthropometry
Standing height was measured without footwear and recorded to the nearest mm (Stadiometer ® Yamuchi), weight was measured to the nearest 0.1 kg using a beam balance (Bauman ® , Germany) while wearing light cloths and no shoes. From these, body mass index (BMI) was then calculated (body weight/height 2 ).
The study was approved by the Ethical Review Committee of the Faculty of Medicine, University of Ruhuna, Galle, Sri Lanka, and was performed according to the declaration of Helsinki 2000. Informed, consent was obtained from each of the participants prior to the study
Statistical analysis
Statistica for Windows (version 7.1, Stat Soft Inc.) was used for the statistical analysis. Number of children and the total period of breast feeding showed a skewed distribution. The women were divided, initially, into groups according to parity (nulliparous, 1-2 children, 3-4 children, 5 or more children), and then according to the total duration of breast-feeding (never breast-fed, 1-48 months, 49-96 months, more than 97 months). When a child was reported to have been breast-fed for more than 24 months, a maximum of 24 months was recorded as it was assumed that intermittent breast-feeding beyond 24 months had no substantial effect on maternal bone metabolism, because almost all children, by 2 years of age, were weaned and receiving meals at least three times a day. In the case of women with more than one child, the durations of breast-feeding for each child were summed up to calculate the total duration of breast feeding.
Analysis of variance (ANOVA) was used to compare the different groups. Analysis of covariance (ANCOVA) was used to adjust for differences in age, age of menopause, duration since menopause, BMI and duration of breast-feeding or number of childbirths. Data are presented as means and 95% confidence intervals (95% CI) unless stated otherwise.
Results
Basic characteristics
The participants ranged from 45.8-97.7 years of age, with a mean (standard deviation) of 64.6 (8.7) years. Mean (SD) age at menopause and duration since menopause of participants were 47.8 (4.1) years and 16.6 (9.5) years respectively. Of the 210 women included in the study, 35 had never been pregnant. The number of childbirths ranged from 0 to 10 (median = 4, inter-quartile range = 3-5). Only one woman who had borne a child had failed to breast-feed. The total duration of breast-feeding ranged from 0 to 216 months (median = 72, inter-quartile range = 42-102 months). Of the participants, 137 women (65.2%) had more than 3 children and 106 women (50.5%) had breast-fed for a total of more than 49 months. 170 women had never been employed while 27 were unskilled manual workers, and only 13 had jobs with regular income. None of the subjects had ever smoked or taken alcohol during their life time. Only 4 (1.9%) women had used hormonal contraceptive methods.
Effect of parity
Women who had borne 5 children or more were older than the other women (p < 0.001) and had a longer duration since menopause (p < 0.01) ( Table 1 ). There were no differences in height, weight, or BMI between the groups of women with different parity (Table 1) . Women who had borne 5 children or more had a longer total duration of breast-feeding than women with 1-2 or 3-4 children, and women with 3-4 children had a longer total duration of breast-feeding than women with 1-2 children (both p < 0.001) ( Table 1 ).
No differences were found in age-adjusted BMD when comparing groups of women with different parity (Table  1) . These results remained unchanged when adjustments were made for age, age of menopause, duration since menopause, BMI, and total duration of breast-feeding (data not shown). Although there was a difference in duration since menopause among the groups, it's effect was masked by the effect of age. Data were not adjusted for smoking habits and alcohol consumption as this was not applicable to our subjects.
Effect of breast-feeding
Women who had breast-fed for a total period of >97 months were older than women with shorter total periods of breast-feeding (p < 0.001) and had a longer duration since menopause (p < 0.001) ( Table 2 ). There were no differences in height, weight, or BMI between groups with different total breast-feeding duration (Table 2 ). An association was found between number of children and total duration of breast-feeding (all group comparisons p < 0.001) ( Table 2 ).
No differences were found in age-adjusted BMD when groups of women with different total durations of breastfeeding were compared ( Table 2 ). These results remained unchanged when adjustments were made for age, age of menopause, duration since menopause, BMI, and number of children (data not shown).
Discussion
The results of this community-based cross-sectional study, carried out on rural Sri Lankan postmenopausal women, indicate that repeated childbearing and breast-feeding for long periods is not associated with low femoral neck or lumbar spine BMD. It is difficult to differentiate between the effects of childbearing and breast-feeding due to the strong correlation between the two. In a clinical situation, however, they can be regarded as a combined risk factor. As no differences in the age-adjusted lumbar spine and femoral neck BMD were found in the subgroups, it can be inferred that the combined effect of number of pregnancies and duration of breast-feeding should not be considered a risk factor for low BMD in these postmenopausal women.
During pregnancy and breast-feeding, substantial changes take place in bone metabolism, leading to the hypothesis that pregnancy and breast-feeding may be risk factors for low BMD. During pregnancy, maternal fractional calcium absorption in the gut is increased by 50%, as a result of increased levels of 1,25 dihydroxy-vitamin D [4, 5] and estrogen levels in the maternal circulation are high. These both offer protection against bone calcium loss. The maternal parathyroid hormone (PTH) level which is also high during pregnancy, causes mobilization of calcium from the skeleton [16] . Furthermore, in spite of increased renal tubular calcium reabsorption, mediated via 1,25 dihydroxy-vitamin D, the urinary excretion of calcium is still high due to the high glomerular filtration rate [2, 17] . The mechanism controlling demineralization of the maternal skeleton during breast-feeding is not well understood [18, 19] , but studies suggest that bone loss may be partly mediated by parathormone-related peptide (PTHrP) and low estrogen levels during the period of lactational amenorrhea [2] . Despite the body's attempts to maintain calcium homeostasis, maternal BMD decreases on average by 5% during pregnancy and breast-feeding [6] . However, nutritional intake, which is often higher in pregnant and lactating women than other women [20] , as well as changes in the level of physical activity, may also play a role in the regulation of maternal BMD.
The question then arises as to whether the changes in bone metabolism in pregnant and lactating woman lead to changes in maternal BMD in the longer perspective.
Only a few studies have reported the effects of parity on BMD using a population of postmenopausal women with high parity. Studies conducted in American [21, 22] and Japanese [23] populations suggest that multiparity has no long-term beneficial or detrimental effects on maternal BMD. This view is, however, opposed by others and two studies in Turkish postmenopausal women revealed low spinal BMD in women who had borne more than 5 children [24] and that high parity is a risk factor for low spinal BMD and osteoporosis [25] . Allali et al found low spinal and total hip BMD in Moroccan postmenopausal women with 6 or more children [26] . The long term clinical relevance of low BMD associated with multiparity is also unclear since there are reports that women with multiple pregnancies have a lower fracture risk than nulliparous women [27, 28] , and that the risk of fracture is reduced with each child delivered [29] . Extended breast-feeding has also been reported to be associated with reduced risk of fracture in Chinese women [30] .
Few studies have evaluated the long-term effect of breast feeding on the maternal skeleton [22, [31] [32] [33] . A study conducted on Turkish women reported that a longer period of breast feeding was associated with lower BMD in the lumbar spine and femoral neck, and it was concluded that prolonged breast-feeding is a risk factor for osteoporosis in postmenopausal women [32] . However, others have found that the total duration of breast-feeding is not associated with reduced age-adjusted BMD in groups of American [22, 33] and Japanese women [23] . Chowdhury et al also reported, in a sample of Bangladeshi women aged 20-81 years, that the negative correlation found between the duration of breast-feeding and BMD in the ultra-distal fore-arm, was dependent on other co-variants such as age, BMI and lactational amenorrhea [31] .
Compared to previous studies [32, 33] , one of the strengths of the present study is that it included women with a much longer total duration of breast feeding and as such has the advantage of evaluating postmenopausal women who have never been pregnant or involved in breast-feeding [31] . Most of the previous studies have been carried out in Western countries, or countries where maternal nutrition is usually adequate, and long-term breast-feeding is uncommon. In contrast, the women in this study were from a lower socio-economic background (which often means marginal nutrition), although we have no specific nutritional data with which to define the nutritional status.
Weaknesses of the study include the requirement for the subjects to recall past events and recall bias may have occurred during data collection. The wide range (from 46 to 98 years) of age is also a limiting factor. Although we adjusted for age, other age-related factors such as physical activity may have influenced the results. In this type of community survey however, it is difficult to control for such confounding factors. Another potential limitation of the study is that in the event that a child was reported to be breast fed in excess of 24 months, the effective period was recorded as 24 months assuming that intermittent breast-feeding beyond 24 months had no substantial effect on maternal BMD. As mentioned above, it is difficult to identify, separately, the individual effects of childbearing and breast-feeding, due to the strong relationship between the two. However, adjusting first for age and then age together with BMI and number of pregnancies, or age, BMI and the total duration of breast-feeding, showed that neither the number of pregnancies nor the duration of breast-feeding could be regarded as a risk factor for low postmenopausal BMD.
Conclusion
In conclusion, this study indicates that there is no longterm detrimental effect of multiple pregnancies and long total duration of breast-feeding on maternal BMD in women within a socio-economic group whose nutritional intake is often marginal. These data are in general agreement with the common view that mothers should breast feed their children as long as they can, due to the wellknown positive effects of breast-feeding.
